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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a rear focusing type 
zoom lens which is constituted of four lens groups and in which 
an entire lens system is miniaturized. 
SOLUTION: This zoom lens is provided with the four lens 
groups of a first group L1 having positive refracting power 
which is fixed in the middle of variable power, a second group 
L2 having negative refracting power, a third group L3 having 
positive refracting power, and a fourth group L4 having positive 
refracting power in order from an object side; the variable 
power from a wide angle end to a telephoto end is performed 
by moving the second group L2 on an image surface side, 
image surface fluctuation in accordance with the variable power l|r 
is corrected by moving the fourth group L4, and also focusing is I 
performed by moving the fourth group L4. Assuming that a 

distance from a first lens surface on the object side to a paraxial image surface is defined as TD 
when an optical member without the refracting power on the image surface side is removed, and the 
focal distance of an entire system on the telephoto end is defined as ff, the condition of 0.8<TD/fT< 
1.05 is satisfied. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The photography field angle of a wide angle edge is related with a small zoom lens with 
the short lens overall length of a high variable power ratio by the diameter ratio of macrostomia of 60 degrees or 
more by the variable power ratio 10 and the about 1.8 to 2.6 f number by which especially this invention is used 
for a photographic camera, a video camera, the camera for broadcast, etc. about a zoom lens. 
[0002] 

[Description of the Prior Art] What adopted the so-called rear focus type which is made to move lens groups 
other than the 1st group by the side of a body in zoom lenses, such as a photographic camera and a video 
camera, conventionally, and performs a focus is proposed [ that it is various and ]. 
[0003] Compared with the zoom lens which the zoom lens of a rear focus type makes move the 1st group 
generally, and performs a focus, the effective diameter of the 1st group becomes small, the miniaturization of 
the whole lens system becomes easy, and since contiguity photography, especially pole contiguity photography 
become easy and are carrying out by moving a further comparatively small lightweight lens group, the driving 
force of a lens group is small and ends, and there are the features, like quick focusing is made. 
[0004] The image surface fluctuation accompanying [ have four lens groups of the 4th group of the 3rd group of 
the 2nd group of the 1st group of refractive power more nearly forward than a body side to order with JP,62- 
2473 16,A, JP,62-24213,A, and JP,5-60974,A and negative refractive power and forward refractive power and 
forward refractive power, move the 2nd group, perform variable power, move the 4th group, and ] variable 
power and a focus are performed. 

[0005] Among these, by JP,5-60974,A, the 3rd group is constituted from a positive lens and a negative lens of 
the shape of a meniscus which turned the convex to the body side, and shortening of a lens overall length is 
attained. 
[0006] 

[Problem(s) to be Solved by the Invention] If a rear focus method is generally adopted in a zoom lens, the 
whole lens system will be miniaturized and a quick focus will become possible. However, on the other hand, the 
aberration fluctuation in the case of a focus becomes large, and the trouble that it becomes very difficult to 
obtain high optical-character ability arises, attaining the miniaturization of the whole lens system covering the 
object distance at large [ from an infinite distance body to a short-distance body ]. With the zoom lens of the 
high variable power especially in the diameter ratio of macrostomia, the trouble that it becomes very difficult to 
obtain high optical-character ability again covering the object distance at large over all variable power range 
arises. 

[0007] For example, if the refractive power of the 3rd group tends to be strengthened in the zoom lens which 
consists of four lens groups mentioned above and it is going to shorten the lens overall length after the 3rd 
group There was a trouble that the variable power of the 4th group or the movement magnitude at the time of 
focusing becomes large too much, and the 3rd group and the 4th group will interfere in mechanism, or had to 
stop having to extend air spacing of the 3rd group and the 4th group, and a lens overall length will become long 
conversely to the contiguity body of a zoom staging area. 

[0008] Moreover, it was very difficult to maintain high optical-character ability, the aberration fluctuation at the 
time of variable power or focusing having become large at this time, and attaining a miniaturization. 
[0009] This invention attaining the miniaturization of the whole lens system while attaining formation of the 
diameter ratio of macrostomia, and high variable power-ization, adopting a rear focus method, it is crossed to 
the object distance at large [ from an infinite distance body to / migrates to all the variable power range from a 
wide angle edge to a tele edge, and / a short-distance body ], and aims at offer of the zoom lens of a rear focus 
type with a short lens overall length with good optical-character ability. 



[0010] 

[Means for Solving the Problem] The zoom lens of this invention in order [ side / body ] The 1st group of the 
forward refractive power of immobilization among variable power, It has four lens groups of the 2nd group of 
negative refractive power, the 3rd group of forward refractive power, and the 4th group of forward refractive 
power. Move this 2nd group to an image surface side, perform variable power from a wide angle edge to a tele 
edge, while moving this 4th group and amending the image surface fluctuation accompanying variable power, 
move this 4th group, and a focus is performed. It is 0.8 <=TD/fT<=1.05 when the focal distance of the whole 
system [ in / for the distance from the 1st lens side by the side of the body when removing the optical member 
which does not have refractive power in an image surface side to the paraxial image surface / TD and a tele 
edge ] is set to fT (1) 

It is characterized by satisfying the becoming conditions. 
[0011] 

[Embodiment of the Invention] Drawing 1 is the lens sectional view of the wide angle edge of the numerical 
example 1 of this invention. The 3rd group of refractive power forward in the 1st group of refractive power 
forward in LI, the 2nd group of refractive power negative in L2, and L3 or negative and L4 are the 4th group of 
forward refractive power among drawing. SP extracts, IP is the image surface and G is glass blocks, such as a 
light filter. 

[0012] While moving the 2nd group L2 to an image surface side like an arrow head on the occasion of the 
variable power from a wide angle edge to a tele edge, the 4th group was moved so that it might have a convex 
locus in a body side, and the image surface fluctuation accompanying variable power is amended. 
[0013] Moreover, the rear focus type which is made to move the 4th group L4 on an optical axis, and performs 
a focus is adopted. Curvilinear 4a of the 4th group L4 shown in this drawing and curvilinear 4b show the 
migration locus at the time of following on the variable power from a wide angle edge when carrying out the 
focus to the infinite distance body and the short-distance body respectively to a tele edge. The 1st group LI and 
the 3rd group L3 are immobilization in the case of variable power and a focus. In addition, in order to lessen the 
variable power assignment of the 2nd group, the 1st group may be moved in connection with variable power. 
[0014] In this operation gestalt, when performing a focus from an infinite distance body to a short-distance 
body in a tele edge, it is carrying out by letting out the 4th group to the front, as shown in straight-line 4c of this 
drawing. With this operation gestalt, increase-ization of the lens effective diameter of the 1st group is 
effectively prevented by taking the above rear focus methods compared with the case where let out the 1st 
group in the conventional 4 group zoom lens, and a focus is performed. 

[0015] And the distance TD from the 1st lens side by the side of the body when removing the optical member 
which does not have refractive power in an image surface side like the above-mentioned to the paraxial image 
surface Attaining the miniaturization of the whole lens system by specifying each element so that the focal 
distance fT of the whole system in a tele edge may satisfy conditional expression (1) like the above-mentioned, 
it migrated to all variable power range, the object distance at large was covered further, and the zoom lens of a 
high variable power ratio with good optical -character ability has been obtained. 

[0016] If it is going to attain the miniaturization of a lens overall length exceeding the lower limit of conditional 
expression (1), the PETTSU bar sum will become large to a negative direction too much, and amendment of a 
curvature of field will become difficult. Conversely, if the upper limit of conditional expression (1) is exceeded, 
although it becomes easy, since the lens overall length is too long, aberration amendment is not good. 
[0017] And in this invention, while constituting the 3rd group from one positive lens and one negative lens of 
the shape of a meniscus which turned the convex to the body side sequentially from a body side and considering 
the 3rd group as the so-called tele photograph type of lens configuration, in order to use effectively the tooth 
space formed among those lenses, aperture-diaphragm SP is stationed in the meantime, and, thereby, 
compaction of the lens overall length after the 3rd group is enabled. 

[0018] Next, this is explained. In order to attain the miniaturization of a zoom lens, it is necessary to strengthen 
in the range without the problem of aberration amendment of the negative refractive power of the 2nd group, 
and to lessen movement magnitude for the variable power of the 2nd group. If negative refractive power of the 
2nd group is strengthened, according to it, emission of the flux of light from the 2nd group will become strong. 
Therefore, it is effective to make small principal point spacing between the 2nd group and the 3rd group, for 
shortening the lens overall length after the 3rd group. 

[0019] However, with the conventional zoom lens, the aperture diaphragm was arranged between the 2nd group 
and the 3rd group. The tooth space for arranging a diaphragm for this reason needed to be secured into the lens 
system. Since refractive power of the negative lens of the 3rd group needed to be strengthened so much and the 
looking-far ratio needed to be raised more when it was going to contract the lens overall length after the 3rd 
group by force at this time, the PETTSU bar sum of the whole system which became large by having 



strengthened the refractive power of the 2nd group negative increased to the negative direction further, and 
there was an inclination for amendment of a sagittal curvature of field to become difficult especially. 
[0020] on the other hand, arrange an aperture diaphragm between the positive lenses and negative lenses in the 
3rd lens group, and spacing of the 2nd group and the 3rd group be shrunken by this invention -- by extending 
spacing of the positive lens and negative lens of the 3rd group conversely Increase of the negative PETTSU bar 
sum when making small distance from the 3rd group to the image surface is reduced, and this is amending the 
curvature of field at the time of compaction of a lens overall length good. 

[0021] Although the zoom lens made into the purpose of this invention is attained by satisfying the above terms 
and conditions, in order to secure high optical -character ability over all variable power range, attaining the 
miniaturization of the whole lens system further, it is good to satisfy at least one of the following terms and 
conditions. 

[0022] (b) When setting a focal distance [ in / for air spacing of said 2nd group and 3rd group in a tele edge / D 

2 and 3 and the wide angle edge of the whole system ] to fW, it is 0.05<D2 and 3/fW<0.2 (2) 

It is satisfying the becoming conditions. 

[0023] Conditional expression (2) is a thing for attaining shortening of a lens overall length effectively. Since 
the 2nd group and the 3rd group will contact when moving the 2nd group by adjustment etc. if this spacing 2 
and D 3 becomes small exceeding the lower limit of conditional expression (2), it is not good. Moreover, since 
compaction of a lens overall length will become inadequate if a upper limit is exceeded conversely, it is not 
good. 

(b) Said 1st group is nulN<23, when it has at least one negative lens and the refractive index and the Abbe 

number of the quality of the material of this negative lens are respectively set to N1N and nulN (3) 

1.85<N1N (4) 

It is satisfying the becoming conditions. 

[0024] Conditional expression (3) and (4) are the things for amending chromatic aberration good, making 
thickness of the lens group itself [ each ] thin, in order to shorten a lens overall length. While heightening the 
effectiveness of achromatism by using ** material which satisfies conditional expression (3) and (4) and 
making lens thickness of a positive lens thin, it has improved that the PETTSU bar sum of the whole system 
becomes a big value especially to a negative direction. 

[0025] (c) It is [0026] when setting respectively the focal distance of the whole system [ in / for the focal 
distance of said 2nd group / f2, a tele edge, and a wide angle edge ] to fT and fW. 
[Equation 2] 

0. 2 < | f f T I < 0. 3 <5) 

It is satisfying the becoming conditions. 

[0027] Conditional expression (5) is a thing for shortening the lens length of the variable power section and 
attaining the further lens overall-length compaction. 

[0028] It is a thing for obtaining a predetermined variable power ratio effectively, especially conditional 
expression (5) setting up the refractive power of the 2nd group appropriately, and lessening aberration 
fluctuation accompanying variable power. If the refractive power of the 2nd group becomes strong too much 
exceeding a lower limit, the miniaturization of the whole lens system will become easy, but the PETTSU bar 
sum increases to a negative direction, and while a curvature of field becomes large, the aberration fluctuation 
accompanying variable power becomes large. Moreover, if the refractive power of the 2nd group becomes weak 
too much exceeding a upper limit, the aberration fluctuation accompanying variable power will decrease, but 
since the movement magnitude of the 2nd group for obtaining a predetermined variable power ratio increases 
and a lens overall length becomes long, it is not good. 

[0029] (d) It is using at least one aspheric surface into the 3rd group or/and the 4th group. It becomes easy to 
amend many aberration good, lessening lens number of sheets according to this. 

[0030] Next, the numerical example of this invention is shown, a numerical example - setting - Ri -- a body 
side -- the i-th lens thickness and air spacing, nickel, and nui are the radius of curvatures of the i-th lens side, 
and Di is the refractive index and the Abbe number of glass of the i-th lens in order from an each body side in a 
body side. Moreover, the two last lens sides in a numerical example are glass blocks, such as a face plate and a 
filter. Moreover, the relation between the above-mentioned monograph affair type and many numeric values in 
a numerical example is shown in Table -1. An aspheric surface configuration is [003 1], when the travelling 
direction of H shaft and light was made forward to the X-axis, the optical axis, and the perpendicular direction 
in the direction of an optical axis, R is made into paraxial radius of curvature and it makes K, B, C, D, and E an 
aspheric surface multiplier respectively. 
[Equation 3] 



X=- +BH 4 +CH b + DH° +EH 1U 

1 -(1+K)(H/R) 2 

It expresses with the becoming formula. Moreover, the display of "e-OX" means "10-X." 
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[0036] 

[Effect of the Invention] Attaining the miniaturization of the whole lens system, while attaining formation of the 
diameter ratio of macrostomia, and high variable power-ization, adopting a rear focus method by setting up each 
element as mentioned above according to this invention, the object distance at large [ from an infinite distance 



body to / migrates to all the variable power range from a wide angle edge to a tele edge, and / a short-distance 
body ] can be covered, and the zoom lens of a rear focus type with a short lens overall length with good optical - 
. character ability can be attained. 
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PROBLEM TO BE SOLVED: To obtain a rear focusing 
type zoom lens which is constituted of four lens groups 
and in which an entire lens system is miniaturized. 

SOLUTION: This zoom lens is provided with the four lens 
groups of a first group L1 having positive refracting 
power which is fixed in the middle of variable power, a 
second group L2 having negative refracting power, a 
third group L3 having positive refracting power, and a 
fourth group L4 having positive refracting power in 
order from an object side; the variable power from a 
wide angle end to a telephoto end is performed by moving 
the second group L2 on an image surface side, image 
surface fluctuation in accordance with the variable 
power is corrected by moving the fourth group L4, and 
also focusing is performed by moving the fourth group 
L4. Assuming that a distance from a first lens surface 
on the object side to a paraxial image surface is 
defined as TD when an optical member without the 
refracting power on the image surface side is removed, 
and the focal distance of an entire system on the 
telephoto end is defined as fT, the condition of 
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